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DESCRIPTION 



DISPLAY APPARATUS AND VIDEO DISPLAY METHOD 



TECHNICAL FIELD 

The present invention relates to a display apparatus, such 
5 as a plasma display device or the like, and in particular relates 
5*3 to a display technology, being suitable for use in a multi-sub 

£ field method for realizing display of high brightness, high 

definition and high gradation. 



BACKGROUND ART 



io The display apparatus, such as the plasma display device 

p or the like, are expected to spread out widely into various uses 

M* or purposes , in future , including a data display device of a personal 

computer or the like, and a display device for use of a game machine, 
etc. , other than the video display device of a television apparatus. 

15 Specifications required corresponding to those various uses or 
purposes are various, too. For example, for use in the television 
apparatus, in particular for HDTV (High Definition TV) , there are 
required the line number of 1,000 or more in the resolution, and 
500 cd/m 2 or more at the peak brightness, etc. It is, also, necessary 

20 to reduce pseudo-contour obstruction, which is distinctive of the 
display of moving picture on the plasma display device. On the 
contrary to this, for the television screen is allowed the 
interlaced display. On a while, the requirements for the data 
display are, for example, the line number of about 800 in the 

25 resolution, and about 200 cd/m 2 for the brightness, and also, since 
it is mainly used for display of still picture or video, there 



is not so much necessity of reducing the pseudo-contour, etc., 
thus, the specifications required is rather generous than those 
for the television apparatus. However, in the case of this data 
display, since a line flicker stands out easily, the progressive 
display is carried out. In this manner the specifications required 
for the display are different from and various depending upon the 
uses or purposes thereof in recent years, however such a display 
is desirous that it can be used in various manner by one (1) set 
of display device, in particular, being applicable to multimedia, 
for example, i.e., the display being applicable to both the 
television apparatus and the data display by one(l) set thereof. 

However, at the present , there cannot be obtained the display , 
which fully satisfies those specifications required. For example, 
in the case of the plasma display being available at present, in 
particular for the use of a television apparatus, the line number 
is 480 in the resolution, and the brightness is 300 cd/m 2 , and 
measures are still not sufficient against the pseudo-contour . Every 
one of hose three (3) properties, i.e., the resolution, the 
brightness, or the pseudo-contour, must be improved within the 
time period of one (1) field. 

Also, with the television apparatus, requirement is made 
much more for high contrast, and for that purpose, light emission 
must be suppressed as far as possible when displaying black on 
the display screen. For example, with an AC type plasma display 
apparatus available at the present, it is designed so that a pilot 
burner discharge is conducted, therefore it is common to apply 
a driving method of all write-in or all erase. With this method, 
in which write-in operation is conducted once, upon all over the 
cells (i.e., all write-in) before conducting address discharge, 
i.e., selective write-in depending upon information, and next, 
wall electric charge written into all the cells is floated in a 
space within of each of the cells, thereby erasing it by 
neutralization of ion and electron (i.e. , all erase) , the operation 
of all write-in or all-erase resets the wall electric charge of 
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information, which was already written into, and at the same time, 
accelerates rising-up of discharge of address discharge with using 
the spatial electric charge remained only a little therein, by 
the all-erase (i.e., so-called a pilot light), thereby enabling 
the drive with low voltage. However, with this all write-in or 
all-erase method, discharges occur even when displaying black 
irrespective of information of display video, then the contrast 
is deteriorated due to this light emission. For this reason, a 
technology was proposed, wherein the all write-in or all-erase 
are conducted only one ( 1 ) time per one ( 1 ) field , or more or less , 
but not all the sub-fields within one ( 1 ) field, thereby obtaining 
high contrast screen. With this proposed technology, since the 
pilot light comes to be small in the effect thereof, there may 
occurs a case where the address discharge of the sub-field operates 
erroneously, though it should be conducted at a time point separate 
from that when a pulse for the all write-in or all-erase is applied 
to. For obtaining the high contrast screen without changing 
discharge condition, there are proposed technologies of bringing 
boundary portions of the cells on a panel into back color, and 
attaching a filter in front surface of the panel, and so on. 

On the plasma display panel, the high definition screen can 
be obtained by making cell pitch fine and the number of display 
cells large, however in a case where the screen is constant in 
sizes thereof, an increase in the number of the display cells makes 
volume or sizes of the cell small , therefore it may occurs problems , 
such as a rise-up of the discharge voltage, and/or a fall-down 
of light emission efficiency. Relating to such the high definition 
of the screen, a technology of small-sizing boundary portions of 
the cells, or of utilizing those boundary portions aggressively 
for the display is disclosed in Japanese Patent Laying-Open No. 
Hei 9-160525 (1997), for example. 

For the purpose of reduction of the pseudo-contour 
obstruction, various technologies were proposed for measures 
against thereof, up to now. A reason of generating the 
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pseudo-contour is based on plural numbers of the sub-fields , which 
form the field in a manner of time-sharing , and it is caused by 
generation of unevenness in brightness pattern on the retina of 
an eyeball due to movement of visual axis of an observer. In the 
phenomenon, when the observer follows her/his visual axis on a 
part, which gradually changes the gradation thereof, and if it 
moves on the screen, a profile or contour-like noise (i.e., the 
pseudo-contour) of high brightness or low brightness can be 
observed in a certain portion thereof. For reducing this 
pseudo-profile obstruction, there are methods of changing the 
alignment order of the sub-fields , or shortening all the sub-fields 
within one ( 1 ) field, or scattering the light emitting sub-fields , 
thereby dispersing the pseudo-contour noises over the pixels on 
the screen, so as not to be distinctive. A technology relating 
thereto is disclosed, for example, in Japanese Patent Laying-Open 
No. Hei 4-211294 (1992), in which the total sub-field is shorten 
within one (1) field, and a period more than a half (1/2) of that 
one field is made to be a suspension field, thereby to reduce the 
pseudo-contour . 

Also, a method of address/display separation is applied into 
the AC type plasma display device. According to this method, within 
one ( 1 ) sub-field, an address period for forming the wall electric 
charge in each discharge cell depending upon information, and a 
display period for performing display of light emission, by means 
of the wall electric charge, are separated from each other, as 
the time periods being common with all the cells, to be driven. 
A ratio of the time period for light emission in the sub-field 
comes to be the length of this display period. In this manner, 
separation between the address period and the display period 
enables great simplification in the structure of a driver circuit. 

High brightness display can be achieved by increasing of 
the number of driving pulses ( sustain pulses ) , however there occurs 
a problem of increasing up electric power consumption therein. 
For realizing the high brightness display, but without the rise-up 
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of the number of those sustain pulses, there are necessities for, 
suchas, increaseof brightness of fluorescence substance, increase 
of the numerical aperture of cells, increase of ultraviolet light 
rays emitted from Xe atom with increasing pressure of the enclosed 
gas therein, etc. Those technologies for increasing the brightness 
also directly reaches to high efficiency of light emission. 

Determining factor on the brightness in this plasma display 
device is the sum of the display period in each the sub-field within 
the one (1) field and/or also the numerical aperture of the cells 
of the panel itself. Hereinafter, explanation will be, given on 
the structure of a panel of the conventional art relating thereto, 
by referring to Figs . 2 and 3 , and then on a driving method of 
one (1) sub-field by referring to Fig. 4, and further on a reason 
of why the brightness cannot be increased up sufficiently with 
such the method. 

Fig. 2 is an exploded perspective view of the structure of 
the above-mentioned panel. Upon a transparent surface plate 20 
are formed a pair of transparent X electrode and Y electrode from 
ITO 201, on which are formed bus electrodes 202 having high 
conductivity. Those X and Y electrodes are formed alternatively 
on the surface plate, and further on them are formed a protection 
film 204 of MgO. On a while, on a substrate 205 are formed ribs 
206 for defining the discharge cells therebetween, by means of 
a sand blast method, wherein on the bottom portions thereof are 
formed address electrodes 207 and fluorescent substances 208 (R) , 
208(G) and 208(B) of three (3) colors, in a stripe-like shapes 
ormanner . Those surf aceplate 200 and the substrate 205 arecombined 
with each other and sealed hermetically, and then Ne-Xe mixture 
gas is filled up with in an inside thereof at pressure of 300-500 
Torr . 

Fig . 3 shows the structure of connection of electrode wirings 
and driver circuits of the panel. On the plasma display panel, 
each display lane is formed with the X electrode and the Y electrode 
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in a pair in the horizontal direction , and address electrodes A 
are disposed in the direction of crossing over them, wherein the 
discharge cells 101 are constructed at the intersection points 
of them. Those X electrodes are commonly connected to a sustain 
driver 105 for applying a rest pulse in each sub-field (which will 
be mentioned later) and a sustain pulse in a display period. On 
awhile, to the Y electrodes areconnected scan ICs 102 , each applying 
a scanning pulse in the address period of each, and to each of 
the scan ICs is connected a sustain driver 104, thereby applying 
the sustain pulses to them in common in the display period. The 
address electrodes are connected to address ICs (not shown in the 
figure), to x be applied with address pulses depending upon 
information , respectively . 

Fig. 4 shows waveforms of driver voltages which are applied 
onto the X electrodes and the Y electrodes within the address period 
and the display period in one (1) sub-field. The address period 
is divided into two ( 2 ) ; i . e . , the reset period for preparing address 
and the scanning period, wherein during this reset period, there 
is conducted the pilot light discharge, for the purpose of making 
ease and certain the erase operation of the wall electric charge, 
which is developed in the previous sub-field, and the write-in 
operation to be performed in the scanning period. A rest pulse 
4 00 shown in the Fig. 4 is applied to all of the X electrodes (X1-X480 ) 
in common, thereby causing strong discharges on all the lines 
between the Y electrodes. When the reset pulse 400 falls down to 
0V, self -erase discharge occurs between the X electrode and the 
Y electrode due to electric field developed as a result of the 
wall electric charge itself, thereby erasing all the wall electric 
charges caused by the reset discharges, and at the same time, 
residual spatial electric charges are remained in the discharge 
cells, so as to make them the pilot light for the write-in discharges 
in the next coming scanning period. In the scanning period, the 
scanning pulses 401 are applied to electrodes Yl, Y2...Y480 in 
that order, and line selection is conducted by that scanning pulse 
401. To the address electrodes are applied address pulses 405 
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depending upon information, and the write-in discharge occurs 
between the electrodes A and Y when the scanning pulses 401 and 
the address pulse 405 coincide with each other in time. As a trigger 
of this write-in discharge operation, discharge occurs between 
the X electrode ( to which the bias 4 04 is applied ) and the Y electrode 
in each of those discharge cells, on which the write-in discharges 
are conducted, thereby developing the wall electric charge between 
the X and Y electrodes . The charge cell , in which the wall electric 
charge is developed , carries out the electric discharge for display 
upon receipt of the alternating sustain pulses 402 and 403 on the 
X and Y electrodes in the next display period, thereby performing 
the light emission for display. In the discharge cell, on which 
no address pulse 405 is applied to, since no write-in discharge 
will occur, nor the wall electric charge will developed, therefore 
the light emission for display will not performed even when the 
sustain pulse is applied thereto during the display period. 

Next, explanation will be given on difficulty in rise-up 
of the brightness, in the example of the plasma display device. 
The electrode wiring of the panel mentioned above, which was listed 
up as the one example of the technologies relating thereto, is 
that in the case of XY/XT type, in which the X electrode and the 
Y electrode are disposed one by one. As shown in the Fig. 3, the 
lines of display are formed on the discharge cells 101 defined 
between the X electrode and the Y electrode in a pair, and there 
also exists a non-light emission area or region d. If the discharge 
occurs in this non-light emission region, it results into an 
operation error, therefore this non-light emission region must 
be wide sufficiently. This means that it decreases down the 
numerical aperture, i.e., a ratio of the light emitting portion 
on the panel, and this numerical aperture is about 3 0% in the 
conventional panel . With such the low numerical aperture , the panel 
falls down the light emission brightness thereof. 

Also, in the driving methods , there are provided the address 
period and the display period in one ( 1 ) sub-field, and the display 
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period is determinative of the light emission brightness . However, 
in this address period, it is further provided into the reset period 
and the scanning period therein, and a time period of about 160 
lis is necessary for it, so as to reduce the spatial charge 
sufficiently, during this reset period. Also, the time period from 
1.5 to 2.0 is necessary, from the necessity of developing 
the wall electric charge within the write-in operation during the 
scanning period, with certainty, and in the case of 480 pieces 
in the line number thereof, the scanning period is needed to be 
equal or greater than 72 Ojjs. If the line number is equal or more 
than 1,000, for such as the HDTV, the address period for one (1) 
sub-field must be equal or more than 1 .6ms. By the way, for reducing 
the pseudo-contour obstruction sufficiently with high gradation, 
for example, 256 steps of gradation, on the moving picture, the 
sub-fields are needed to be 10 to 12 in the number thereof, and 
in the case of achieving such the driving, all the times in the 
one (1) field (about 16.7 ms) is consumed only for the address 
period, but the display period can scarcely provided therein. Even 
if beingpossible to provide thedisplay period, but it is impossible 
to ensure the brightness since it is less than 1 ms . If reducing 
the number of the sub-fields down to about 6, the display period 
can be provided for about 7 ms, however the gradation is decreased 
down to 64 , therefore it is impossible to reduce the pseudo-contour 
obstruction. 

With such the panel structure and such the driving method 
according to the conventional technology relating thereto, the 
gradation is less, when trying to perform the high definition 
display thereon, and also the improvement is insufficient against 
the pseudo-contour obstruction, therefore it is impossible to 
obtain sufficient brightness. 

In such the related technologies , the high definition display 
of picture and the reduction of pseudo-contour obstruction are 
contrary to each other in directions thereof. Namely, the display 
line must be large in the number for realizing the high definition 
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display, and because of it, the time assigned to one (1) line is 
shortened. In more detail, for the drive of the plasma display 
panel, the scanning pulses are applied to, sequentially, so as 
to conduct the line selection, and causes the write-in (addressing) 
discharge in all the selected pixels depending upon information. 
For this reason, when the line number becomes large, the scanning 
pulses assigned for the line selection must be narrowed in pulse 
width thereof. However, a certain degree of time is necessary for 
occurring and settling of the address discharges, sufficiently 
on the AC type panel. For this reason, it is impossible to make 
narrower the pulse width of the scanning pulse, simply in inversely 
proportional to the increase of the line number. Therefore, it, 
is commonly conducted that the scanning pulse is narrowed in the 
pulse width to a certain degree, while accompanying with this, 
the number of the sub-field is also decreased, so as to perform 
the display. 

The decrease of the sub-fields in the number thereof results 
in, not only the decrease of the number in the gradation, but also 
the difficulty in reduction of the pseudo-contour. As an example 
of the measures for reduction in the pseudo-contour obstruction, 
there is a technology, in which a ratio of the width of display 
time period of the sub-field is encoded by the code other than 
the binary one, and in particular, wherein two (2) or more of the 
sub-fields are provided, being equal each other in the width of 
display time period , while making distinction or difference between 
lightening (actuation) and non-lightening (non-actuation) of 
those sub-fields for the pixel or the field, etc . , thereby reducing 
the pseudo-contour appearing on the display screen. However in 
this case, the reduction of the number of the sub-fields results 
in, not only the difficulty in providing the sub-fields to be equal 
in the display time period, but also the decrease in the number 
of the gradation. 

In the relating technology mentioned above, though tying 
to form the pixels at high density with smaller number of the 
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electrodes while utilizing the display areas effectively, for 
obtaining the high definition display, and cut off the total 
sub-field into a portion within the period thereof, or increasing 
the number of the sub-fields, for taking the measures against the 
pseudo-contour, however, no consideration was paid about the 
measures for protecting the display from the pseudo-contour 
appearing thereon, and measures against reduction of the address 
time period, etc., accompanying with such the high definition. 

An object, according to the present invention, is to provide 
a new technology, with which a picture can be displayed with high 
gradation, being improved in the pseudo-contour , and at high 
brightness, as well as the high definition display thereof. 

DISCLOSURE OF THE INVENTION 

For achieving the above-mentioned object, according to the 
present invention, there are provided the following: 

1) An display apparatus, for conducting video display 
through address operation on display lines upon basis of a video 
signal, wherein: scanning pulses of same phase are applied to 
plurality of first display lines in a first field, building up 
a one frame therewith, and scanning pulses of same phase are applied 
to plurality of second display lines in a second field thereof, 
thereby conducting the address operation. 

2) An display apparatus, comprising: X and Y electrodes, 
being disposed in parallel to each other in a pair, for forming 
one display line therewith , and an address electrode being disposed 
to separate from and to cross over said both electrodes, in plural 
numbers thereof , wherein : scanning pulses of same phase are applied 
to the X electrodes of first display lines in a first field , building 
up a one frame therewith, and scanning pulses of same phase are 
applied to the Y electrode of second display lines in a second 
field thereof, thereby conducting the address operation, so as 
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to perform video display thereon. 

3) An display apparatus, comprising: X and Y electrodes , 
being disposed in parallel to each other in a pair, for forming 
one display line therewith, and an address electrode being disposed 
to separate from and to cross over said both electrodes, in plural 
numbers thereof , wherein : scanning pulses of same phase are applied 
to plural numbers of first display lines , neighboring to each other 
on a first field, building up a one field therewith, and scanning 
pulses of same phase are applied to plural numbers of second display 
lines , neighboring to each other on a second field thereof, thereby 
conducting the address operation, so as to perform video display 
thereon. 

4) An display apparatus, comprising: X and Y electrodes, 
being disposed in parallel to each other in a pair, for forming 
one display line therewith, and an address electrode being disposed 
to separate from and to cross over said both electrodes, in plural 
numbers thereof, wherein: said X and Y electrodes are disposed 
in reversed in the order thereof on display lines neighboring to 
each other; scanning pulses of same phase are applied to the X 
electrodes of plural number of first display lines, neighboring 
to each other on a first field, building up a one field therewith, 
and scanning pulses of same phase are applied to the Y electrodes 
of plural numbers of second display lines, neighboring to each 
other on a second field thereof, thereby conducting the address 
operation, so as to perform video display thereon. 

5) An display apparatus, comprising parallel display 
electrodes X( i) ( i= 1 through n (n: a positive number) , an electrode 
of i th number), and address electrodes A(j) (j = 1 through k (k: 
a positive number), an electrode of j th number), being separated 
and crossing over saiddisplay electrodes X( i) , wherein: conducting 
light emission display on the display electrodes X(4p+1) and 
X ( 4p+2 ) ( p : a pos it ive number including zero ( 0 ) ) , in a first period 
of a first field; conducting light emission display on the display 
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electrodes X(4p+3) and X(4p+4), in a second period of the first 
field; conducting light emission display on the display electrodes 
X(4p+2) and X(4p+4), in a third period of a second field; and 
conducting light emiss ion display on the display electrodes X ( 4p+4 ) 
and X(4p+5), in a fourth period of the second field. 

6) An display apparatus, comprising parallel display 
electrodes X ( i ) ( i = 1 through n ( n : a pos it ive number ) , an electrode 
of i th number), and address electrodes A(j) (j = 1 through k (k: 
a positive number) , an electrode of j th number) , separately crossing 
over said display electrodes X(i), wherein: forming a pair with 
the display electrodes X(3p+1) and X(3p+2) (p: a positive number 
including zero (0) ) , and conducting light emission display on the 
display electrodes of said pair, in a first period of a field; 
forming a pair with the display electrodes X(3p+2) and X(3p+3) 
and conducting light emission display on the display electrodes 
of said pair, in a second period of the field; and forming a pair 
with the display electrodes X(3p+3) and X(3p+4) and conducting 
light emission display on the display electrodes of said pair, 
in a third period of the field. 

7) A display apparatus, constructing a display screen by 
disposing discharge cells in a matrix-like manner, each discharge 
cell being constructed with a pair of display electrodes being 
parallel to each other and covered with a dielectric body, and 
with a set of an address electrode being disposed in a direction 
of crossing thereover, wherein: address electrodes are disposed 
in common for a first panel portion and a second panel portion, 
constructing said display screen therewith; operating address 
operation, sequentially, all said discharge cells of said first 
panel portion, by scanning one of the pair of display electrodes 
of said first panel portion, sequentially, while applying a 
selection pulse between the display electrode and an address 
electrode, and applying an alternating sustain pulse onto all said 
pair of display electrodes of said first panel portion of said 
discharge cells being operated by the address operation, 
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simultaneously , thereby conducting display sustain operation; and 
operating address operation , sequentially, all said discharge 
cells of said second panel portion, by scanning one of the pair 
of display electrodes of said second panel portion, sequentially, 
while applying a selection pulse between the display electrode 
and an address electrode, and applying an alternating sustain pulse 
onto all said pair of display electrodes of said second panel portion 
of said discharge cells being operated by the address operation, 
simultaneously, thereby conducting display sustain operation; and 
further having: a time band, during which the address operation 
of said first panel portion and the display sustain operation of 
said second panel portion coincide with each other. 

8) A display apparatus, having at least plural numbers of 
parallel scan electrodes and plural numbers of parallel address 
electrodes crossing over said scan electrodes separately, wherein 
discharge cells are formed at intersection points of said scanning 
electrodes and said address electrodes, and said discharge cells 
are disposed in a matrix-like manner, wherein: applying scanning 
pulse to said scanning electrode for conducting line selection, 
applying address pulse depending upon information onto said addres s 
electrode, and applying voltage for sustaining said address 
discharge after completion of application of said scanning pulse, 
onto the scan electrode just after completion of said scanning 
pulse, in the address operation for conducting write-in by causing 
the address discharge which is caused by said scanning pulse and 
said address pulse. 

9) A display technology, comprising a panel portion, which 
has plural numbers of elements, each including display electrodes 
forming a pair and constructing a display line and an address 
electrodes which crosses over said display electrodes, wherein: 
an address electrode is provided being connected in common to a 
first panel portion and a second panel portion, and an address 
period of a sub-field in said first panel portion and a display 
period of a sub-field in said second panel portion overlap with 
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each other. 

19) A video display apparatus, comprising a panel portion, 
which has plural numbers of elements, each including display 
electrodes forming a pair and constructing first and second display 
lines and an address electrodes which crosses over said display 
electrodes, comprising: means for conducting same address 
operation by applying scanning pulses of same phase to said first 
display line of plural number of display lines , and a driver portion 
for driving plural numbers of display electrodes with driving 
pulses differing from each other. 

With such the structure , according to the present invention, 
it is possible to reduce the scanning time in address period and 
the pseudo-contour obstruction with high gradation, since it 
enables a driving of a large number of sub-fields, and also to 
realize a display technology with high brightness. With the 
structure of the above 4 ) , since a panel can be realized with high 
numeral aperture, it has high brightness, and also because of the 
sameness in address discharge conditions between the first field 
and the second field, write-in operation can be conducted with 
stability. Also, it is possible to reduce cross talk between address 
discharges. Further, in this case, since it is possible to use 
a same scanning electrode as an electrode for use of scanning between 
the the first field and the second field, it is possible to obtain 
compatibility between the progressive display for the display of 
personal computer. Also, differentiating voltage values of the 
address pulses to be applied between the first field and the second 
field enables a driving with address pulses fitting with 
characteristics of address discharges in the first field and the 
second field, thereby realizing a stable operation. Also, with 
the structure of the above 5 ) , it is poss ible to drive the neighboring 
display lines by every fourth line thereof , i.e., a four ( 4 ) phases , 
on all of the parallel electrodes X up and down, therefore the 
display can be conducted in a time of about a half (1/2) of one 
( 1 ) field in each one of the phases . With this , both high definition 
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and reduction of the pseudo-contour obstruction can be realized. 
With the structure of the above 6) , since it is possible to divide 
one (1) field into three (3) periods with three (3) phase drive 
for each three ( 3 ) lines , thereby to perform display in each period 
and in each phase, the display period of a one (1) line can be 
cut off in time down to about one-third (1/3) of the (1) field. 
With the structure of the above 7) , display sustain operation is 
conducted in the second panel portion while operating address 
operation in the first panel portion, the utilization factor of 
time is high, and then much large number of sustain pulses can 
be applied to, therefore the high brightness can be obtained. Also, 
with the structure, in which address electrodes are wired in common 
on both sides of the panel, it is possible to reduce the number 
of address electrode driver circuits , as well as , the cost thereof . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows the structure of a driver circuit, which is 
applied into an apparatus, according to the present invention; 

Fig. 2 shows an exploded perspective view of a plasma panel, 
as the conventional technology relating thereto; 

Fig. 3 shows the structure of a driver circuit for a panel 
of XY/XY type, as the conventional technology relating thereto; 

Fig. 4 shows waveforms of driver voltages for the panel, 
as the conventional technology relating thereto; 

Fig. 5 shows waveforms of driver voltages of driver circuits , 
which are applied into the apparatus according to the present 
invention; 

Fig. 6 shows a display method by means of the apparatus 
according to the present invention; 
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Figs. 7(a) and 7(b) are views for explaining numerical 
aperture of a panel; 

Fig. 8 shows waveforms of driver voltages of driver circuits 
which are used in the apparatus according to the present invention; 

Fig. 9 shows the structure of the driver circuits which are 
used in the apparatus according to the present invention; 

Fig. 10 also shows the structure of the driver circuits which 
are used in the apparatus according to the present invention; 

Fig. 11 shows other waveforms of driver voltages of driver 
circuits which are used in the apparatus according to the present 
invention; 

Fig. 12 shows a display method of display cells (a line) 
of the panel in the apparatus according to the present invention; 

Fig. 13 shows the structure of sub-field in the apparatus 
according to the present invention; 

Fig . 14 shows waveforms of driver voltages of driver circuits 
which are used in the apparatus according to the present invention; 

Fig. 15 shows the structure of the apparatus according to 
the present invention; 

Fig. 16 shows other structure of the apparatus according 
to the present invention; 

Fig. 17 shows other waveforms of driver voltages according 
to the present invention; 

Fig. 18 shows other structure of the sub-fields in the 
apparatus according to the present invention; 
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Fig. 19 shows further other structure of the sub-fields in 
the apparatus according to the present invention; 

Fig, 20 shows a display method of display cells (a line) 
of the panel in the apparatus according to the present invention; 

Fig. 21 shows the other structure of sub-field in the 
apparatus according to the present invention; 

Fig. 22 shows other waveforms of driver voltages which are 
used in the apparatus according to the present invention; 

Fig. 23 shows the structure of driver circuits which are 
used in the apparatus according to the present invention; 

Fig. 24 shows a driving method of the apparatus according 
to the present invention; 

Fig. 25 shows a scanning method in an upper portion of the 
panel , which is used in the apparatus according to the present 
invention; 

Fig. 26 shows a scanning method in a lower portion of the 
panel, which is used in the apparatus according to the present 
invention; 

Fig. 2 7 shows the structure of the panel with horizontal 
ribs in the apparatus according to the present invention; 

Fig. 28 shows a driving method of the panel with horizontal 
ribs, according to the present invention; 

Figs. 29(a) and 29(b) show a relationship between a display 
sustain pulse and an address pulse in the apparatus according to 
the present invention; 
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Fig. 30 shows an scanning pulse and discharging condition 
in the apparatus according to the present invention; 

Fig. 31 shows the scanning pulse and the discharging condition 
in the conventional apparatus according to the prior art; 

Fig. 3 2 shows voltage waveforms applied to respective 
electrodes in the apparatus according to the present invention; 
and 

Fig. 33 shows other voltage waveforms during an addressing 
period in the apparatus according to the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

For better understanding thereof , the present invention will 
be explained in more details hereinafter. 

First embodiment of the present invention will be explained 
by referring to Figs. 5 and 6. 

Fig. 6 is a view for explaining a display method by means 
of an apparatus according to the present invention. As television 
signals, on a first field, video signals of 1 st line, 3 rd line, 
5 th line. . .are transmitted, however displays of those signals are 
so that the same one is displayed on two (2) lines of the following 

sets, (1,2), (3,4), (5,6) , for example. On a second field, video 

signals are transmitted on 2 nd line, 4 th line, 6 th line. . . , however 
displays of those signals are so that the same one is displayed 
on two (2) lines of the following sets, (2,3), (4,5), (6,7). In 
this manner, the same display on two (2) lines is carried out with 
shifting them on the first field and the second field by one (1) 
line. Now, in the case of the high definition video signal having 
display lines of such the HDTV, the number of display lines comes 
up to 1,000 lines or more. When conducting the same display on 
two (2) lines for such the high definition video or picture, 




resolution in the vertical direction is lowered down . As a criterion 
indicative of the decrease in the resolution is known by the Kell 
coefficient , and if setting this Kell coefficient at 0.7 , for 
example, the resolution thereof comes down to around 700 lines. 
However, the decrease of this resolution is same to a CRT (Cathode 
Ray Tube) , and it scarcely causes a problem in the display on the 
television apparatus. 

Fig. 5 shows waveforms of driver voltages when the present 
invention is applied into the XY/XY panel of the related technology 
(see the Fig. 3). Herein is shown an address period (including 
a reset period and a scanning period) of the first sub-field. An 
aspect differing from the driver waveforms of the conventional 
technology relating thereto lies that scanning pulses of the same 
phase are applied onto two (2) scanning electrodes. On the XY/XY 
panel shown in the Fig. 3, as the display lines, 1 st line, 2 nd line, 
3 rd line... are constructed with the sets of electrodes, (X1,Y1), 
(X2,Y2), (X3,Y3)..., while scanning pulses are applied onto the 

Y electrodes, in a form of the scanning electrodes. As shown in 
this Fig. 5, in the first field, the scanning pulses 40i in the 
same phase are applied to Yl andY2 electrodes. With this application 
of those scanning pulses at the same phase, write-in operation 
by means of the address pulses on the address electrodes are same 
for both the Yl and Y2 electrodes, therefore the same wall electric 
charges are developed on the 1 st and 2 nd lines. In the same manner, 
applying the scanning pulses of the same phase onto Y3 and 
Y4 . . .develops the same wall electric charge on the 3 rd and 4 th lines . 
In a display period following after the scanning period, 
alternating sustain pulses 402 and 4 03 are applied onto the X and 

Y electrodes, however since the 1 st and 2 nd lines are same in the 
wall electric charges developed in the scanning period, light 
emissions thereof are also same on the 1 st and 2 nd lines during 
the display period. On the second field, as indicated by the 
reference numerals shown in parentheses of the Y electrodes, the 
scanning pulses of the same phases are applied onto Y2 and Y3 
electrodes, Y4 and Y5 electrodes, . . . , thereby developing the same 
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wall electric charges thereon, and in the display period, the 2 nd 
and 3 rd lines and the 4 th and 5 th lines emit light, thereby performing 
display operation. 

In this manner, with application of the scanning pulses of 
the same phase onto the Y electrodes of the two (2) lines, the 
same display is performed on the 2 lines, and then next display 
is conducted with shifting by one line, by changing the combination 
of lines of the scanning pulses to be applied at the same phase, 
between the first field and the second field. 

In this manner, conducting the same display on 2 lines at 
the same time makes the scanning period one half (1/2) of the 
conventional one in the period. For example, in the case of the 
HDTV signal having 1,000 lines , assuming that width of the scanning 
pulse of one sub-field is 1.5 jjs, the scanning period is 1.5 yis 
X 500=0. 75 ms, and this is one half in the case of the progressive 
scanning (i.e., line sequential scanning). 

With the time period that can be used for display in this 
case, a reset period is set at 160 pis for one (1) sub-field, and 
then it can be taken to be equal or more than 5 . 7 ms as the display 
period in one (1) field, even if conducting the display of 12 
sub-fields, in which sufficient measures can be taken against the 
pseudo-contour with high gradation, therefore the display is 
possible with high brightness. Also, because of the same displays 
on two (2) lines, all of discharge cells are displayed during the 
period of one (1) field, and this is also a factor of enabling 
the display of high brightness. 

Next, explanation will be given on a second embodiment, by 
referring to Figs. 1, 7 and 8. 

The Fig. 3 shows a circuit diagram of electrodes of the XY/XY 
type panel, as the related conventional technology, wherein the 
X electrodes and the Y electrodes are disposed one by one . Disposing 
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condit ion of said electrodes are shown in Fig . 7 ( a ) . The X electrode 
700 and the Y electrode 701 build up the display lines in a pair 
thereof. Non-light emission region 300 must be provided to be 
sufficiently wide so that no error discharge occurs between the 
Y electrode and the X electrode. This means that the size 702 of 
the discharge cells is made small , and lowers the numerical aperture 
thereof. 

On the contrary to this, two (2) pieces of the Y electrodes 
7 05 are disposed between the X electrodes 7 04 on the XY/YX panel 
shown in the Fig. 7(b), and the electrodes neighboring with the 
non-display area 3 00 are the Y electrodes, or X electrodes, by 
themselves. For this reason, the sustain pulses for the neighboring 
two ( 2 ) electrodes are same in the phases thereof , then no discharge 
occurs between them. For this, the non-display region 3 00 can be 
formed narrowly while the display region 706 widely. Accordingly, 
with this panel, the numerical aperture can be made large, thereby 
to rise up the brightness in light emission. 

The structure of a driver circuit is shown in Fig. 1, in 
the case of conducting the same display on two ( 2 ) lines with using 
that XY/YX type panel , and waveforms of the driver voltages thereof 
in Fig. 8. A plasma display panel 100 in the Fig. 1 has wiring 
of the XY/YX type, and forms discharge cells at intersection points 
of the X electrode, the Y electrode and the address electrode. 
Between the neighboring two ( 2 ) pieces of Y electrodes , and between 
the neighboring two (2) pieces of X electrodes, there are defined 
non-light emission regions 106, wherein light shielding members 
are provided, so as to heighten contrast under a bright room. The 
neighboring Y electrodes (i.e., Yl and Y2 , Y3 and Y4,...) are 
connected by themselves in common, to be connected with scan ICs 
102, for outputting scanning pulses therefrom, and those scan ICs 
102 are connected in common with a sustain driver 104 for generating 
a sustain pulse therefrom. On a while, the neighboring X electrodes 
(i.e., X2 and X3, X4 and X5,...) are connected by themselves in 
common, to be connected with scan ICs 103, for outputting scanning 
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pulses therefrom, and those scan ICs 103 are connected in common 
with a sustain driver 105 for generating a sustain pulse therefrom. 

Fig. 8 shows voltage waveforms on one (1) sub-field, which 
are applied to the X electrodes and the Y electrodes in the structure 
shown in the Fig. 1. In the first field, the scanning pulse is 
applied onto the Y electrode, so as to make it as the scanning 
electrode, and in the second field the scanning pulse is applied 
onto the X electrode, so as to make it as the scanning electrode. 
In the first field, a reset pulse 400, a bias pulse 404 and a sustain 
pulse 402 are applied in common onto all of the X electrodes 

(X1-X1024) . The Y electrodes , Yl andY2, Y3 and Y4 , are connected 

in common, and the scanning pulses 401 are applied to those 
electrodes , one by one . Since Yl and Y2 , Y3 and Y4 , . . . are connected 
in common, the same display is made on the display lines in a pair, 
such as, 1 and 2, 3 and 4, . . . While on the second field, the reset 
pulse 400, the bias pulse 404 and the sustain pulse 402 are applied 
in common onto all of the Y electrodes (Y1-Y1024) . The X electrodes , 
XI and X2, X3 and X4, . . .are connected in common, and the scanning 
pulses 401 are applied to those electrodes, one by one. Since XI 
and X2, X3 and X4,...are connected in common, the same display 
is made on the display lines in a pair, such as, 2 and 3, 4 and 
5,... Accordingly, the same display is made on two (2) lines in 
the first field and the second field. With adopting such the driving 
method of wiring of the X and Y electrodes, two (2) pieces of the 
electrodes, onto which the scanning pulses of the same phase are 
applied in the first field and the second field, are always 
neighboring with each other. Accordingly, since the conditions 
are same in the address discharges between the first field and 
the second field, a stable discharge characteristics can be 
obtained. 

Next, explanation will be given on a third embodiment by 
referring to Fig. 9. Though the wiring of X and Y electrodes on 
a panel 100 is the XY/YX type, being same in the case of the Fig. 
1, however it differs from the case of the Fig. 1, in the condition 



that two (2) pieces of the scanning electrodes are connected in 
common so as to display the same on two (2) lines. In the structure 
of the Fig. 9, the Y electrodes are connected in common, such as , 
Y2 and Y3 , Y4 and Y5, and are connected to the scan ICs 102, 

each outputting the scanning pulse, and the sustain driver 104. 
On the other hand, the X electrodes are connected in common in 
a pair, such as, XI and X2, X3 and X4 , . . . , and are connected to 
the scan ICs 103 , each outputting the scanning pulse , and the sustain 
driver 105. In the first field, the scanning pulses are applied 
to the X electrodes, sequentially, as the scan electrodes, thereby 
displaying the same onto 2 nd and 3 rd , 4 th and 5 th , . . .of the display 
lines. An aspect differing from the Fig. 1 lies that the scanning 
electrodes do not always neighbor between the first and second 
fields , onto which the scanningpulses of the same phase are applied , 
and that other two ( 2 ) display electrodes are inserted therebetween . 
With the structure of this Fig. 9, since the address discharges 
are same in the condition between the first field and the second 
field, the operation is stable, and further since the discharge 
cells applied with the scanning pulses of the same phase are not 
neighboring with each other, stroke in the address discharge can 
be reduced. 

Next, explanation will be given on a forth embodiment, by 
referring to Figs. 10 and 11. In the Fig. 10, the panel 100 has 
the wiring of electrodes of the XY/YX type, same to the case of 
the Fig. 1, however the Y electrodes are connected to the scan 
ICs 102, respectively, and the sustain driver 104 is connected 
to said the scan ICs. All the X electrodes are connected to the 
sustain driver 105, in common. 

Fig. 11 shows waveforms of driving voltage on the X and Y 
electrodes. In the first field, a reset pulse 400, a bias pulse 
404 and sustain pulses 402 are applied onto all of the X electrodes 
(X1-X1024) in common. To the Y electrodes, scanning pulses 401 
of the same phase are applied, one by one, such as, Yl and Y2, 
Y3 and Y4 , . . . With this, the same is displayed on 1 st and 2 nd lines, 
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3 rd and 4 th lines of the display lines. In the second field, the 
reset pulse 400, the bias pulse 404 and the sustain pulses 402 
are applied onto all of the X electrodes. To the Y electrodes, 
scanning pulses 401 of the same phase are applied, one by one, 
such as, Y2 and Y3 , Y4 and Y5 , . . . In this manner, as a method for 
outputting the scanning pulses of the same phase by means of each 
scan IC, there is a way, in which control is conducted in a signal 
processor portion, such as, a shift register installed within the 
scan IC, so as to output the scanning pulses of the same phase, 
and also other way, in which the ICs in an order of odd number 
and in an order of even number are divided in a form of the separated 
ICs (generally, there are 64 outputs on one IC). In this case, 
electrical connection from the scan ICs to the panel may be 
constructed with a FPC (Flexible Print Circuit ) of two (2) layers, 
etc. in the case where such the Y electrodes are fixed as the scanning 
electrodes while applying the scanning pulses of the same phase 
through the respective scan ICs , two ( 2 ) pieces of the Y electrodes , 
onto which the scanning pulses of the same phase are applied, are 
neighboring to each other in the first field, but the two ( 2 ) pieces 
of the Y electrodes, onto which the scanning pulses of the same 
phase are applied, are not, in the second field. In the case where 
the driving conditions differ between the first field and the second 
field in this manner, it is possible to obtain stable address 
discharge operations by changing the voltage values of the address 
pulses in the first field and the second field. When the scanning 
pulses of the same phase are applied to the electrodes of the first 
fields neighboring with each other, since the starting voltage 
of discharge is low, voltage Val of a low pulse address pulse is 
applied to, as indicated by a reference numeral 1100 in the Fig. 
11, while when applying the scanning pulses of the same phase to 
the electrodes of the second field not neighboring with each other, 
since the starting voltage of discharge is high, voltage Va2 of 
a high pulse address pulse is applied to , as indicated by a reference 
numeral 1101 in the Fig. 11. 

Also, since application of the scanning pulses is fixed onto 
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the Y electrodes in this manner , and s ince the scan ICs are connected 
to the Y electrodes , respectively, the progressive scanning is 
possible by changing over the display between the television 
apparatus and the personal computer, and also the flicker-less 
display of the personal computer without the interlace display, 
as well. 

Next, explanation will be given on a fifth embodiment, by 
referring to Figs. 12 through 15. Herein, all display electrodes 
of the plasma display are X electrodes, and they are attached with 
a sequential number in the order thereof from the above. 

Fig. 12 shows a method for forming a pair of the display 
electrodes X according to the present invention, and a display 
method thereof. With the structure of the Fig. 12, there is shown 
an example, where thirteen (13) pieces of the display electrodes 
X and five (5) pieces of the address electrodes are used. First 
of all, the first frame (1/30 sec. ) is divided into the first and 
second fields (each, 1/60 sec), and further the first field is 
divided into first and second periods while the second one into 
third and fourth periods, in this case, if the first and second 
periods and the third and fourth periods are equal to one another, 
then it comes to be 1/120 sec each. 

In the first period of the first field, the X electrodes 
form the display lines in a pair thereof , i.e.,X(l)-X(2), X(5)-X(6), 
X(9)-X(10), respectively, and form display cells at the 
intersection points with the address electrodes . On a panel having 
a large number of the display electrodes thereon, the electrodes, 
X(4p+1 )-X(4p+2 ) (where, "p" is a positive number including zero 
(0) ) , formthedisplay lines in a pair thereof . The address discharge 
is initiated by applying the scanning pulse onto one of the pair 
of the display electrodes X. During the display period, onto those 
two (2) pieces of the display electrodes X of this pair are applied 
sustain pulses, which are reversed to be opposite to each other 
in polarity thereof, thereby causing the display charge (i.e.*, 
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sustain discharge). Neither the scanning pulse nor the sustain 
pulse is applied to the electrodes, X(3),X(4),X(7), X(8), X(ll), 
X(12), but DC voltage is applied thereto, so as to prevent error 
discharge from occurring between those neighboring electrode. 

In the second period of the first field, the X electrodes 
form the display lines in a pair thereof , i.e., X(3)-X(4), X(7)-X(8), 
X(ll)-X(12), respectively, and form display cells at the 
intersection points with the address electrodes. On a panel having 
a large number of the display electrodes thereon, the electrodes, 
X(4p+3)-X(4p+4) (where, "p" is a positive number including zero 
(0) ) , form the display lines in a pair thereof. This display line 
is located just at the middle on the display line, which is formed 
in the first period of the first field. Namely, it is the display 
in which the first period and the second period are interlaced 
with each other in the first field. 

In the third period of the second field, the X electrodes 
form the display lines in a pair thereof , i.e. , X ( 2 ) -X( 3 ) , X( 6 ) -X( 7 ) , 
X(10)-X(ll), respectively, and form display cells at the 
intersection points with the address electrodes . On a panel having 
a large number of the display electrodes thereon, the electrodes, 
X( 4p+2 ) -X( 4p+3 ) (where, "p" is a positive number including zero 
(0)), form the display lines in a pair thereof. 

In the fourth period of the second field, the X electrodes 
form the display line in a pair thereof , i.e., X(4)-X(5), X(8)-X(9), 
X(12)-X(13), respectively, and form display cells at the 
intersection points with the address electrodes . On a panel having 
a large number of the display electrodes thereon, the electrodes, 
X( 4p+4 )-X(4p+5 ) (where, "p" is a positive number including zero 
(0) ) , form the display lines in a pair thereof. This display line 
is located just at the middle on the display line, which is formed 
in the first period of the second field, thus, obtaining the 
interlace display between the third and fourth periods in the second 
field. 
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In this manner, for example like the display electrode X( 2 ) , 
by taking into the consideration the facts that it is one of the 
electrodes forming the display line in the first period of the 
first field and the third period of the second field, and further 
that the display line is shifted at both ends thereof and that 
the display electrode of X(2) forms the display lines with the 
display electrodes of X(l) and X(3) in a pair, in total, a ratio 
comes to be the same in the case where one ( 1 ) display line is 
formed with one (1) piece of the display electrodes X, therefore 
the video display of high definition can be achieved. 

As is shown below in the Fig. 12 ,\assuming that the display 
line formed in the first period of the first field is a display 
line of 1 st phase, the display line formed in the second period 
of the first field a display line of 2 nd phase, the display line 
formed in the third period of the second field a display line of 
3 rd phase, the display line formed in the fourth period of the 
second field a display line of 4 th phase, respectively, then the 
interlace display can be obtained on those of the 1 st and 2 nd phases , 
and 3 rd and 4 th phases, as well, and further the interlace display 
can be also obtained between an addition of the 1 st and 2 nd phases 
of the first field and an addition of the 3 rd and 4 th phases of 
the second field. Accordingly , repetition of the displays seemingly 
rises up in the number thereof, and the phenomenon of flicker can 
be suppressed, thereby improving quality of the picture. 

Fig. 13 shows a display method in this apparatus according 
to the present invention, in particular, a method for forming the 
sub-fields of four (4) phases. Herein, though there is shown an 
example, in a case where the sub-fields are three (3), but in a 
case of obtaining color display, the sub-fields are provided in 
the number of eight (8) or more. 

In a set of the electrodes X( 4p+l )-X( 4p+2 ) on the 1 st phase 
display line, all the sub-fields are provided within the first 
period of the first field. With the sub-fields, a case of three 
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(3) sub-fields SFl, SF2 , and SF3 is shown in the figure, wherein 
each sub-field is divided into an address period (Al,A2, A3) and 
a display period (Sl,S2, S3) . In the address period, the scanning 
pulse is applied onto one of the display electrodes X in a pair, 
and onto the address electrode is applied an address pulse depending 
upon information, wherein the scanning pulse and the address pulse 
initiates address discharge in a display cell where they coincide 
with in timing, so as to develop the wall electric charge therein. 
In the display period, the sustain pulses changing over 
alternatively in polarity are applied onto the display electrodes 
in a pair, and then only the cell in which the wall electric charge 
is developed during the address period occurs discharge upon the 
sustain pulse, thereby achieving the display operation. Herein, 
the number of the sustain pulses differs in each of the sub-fields. 
For example, assuming that the number of the sustain pulses SF1, 
SF2 and SF3 is 1:2:4, it is possible to obtain the display in eight 
(8) steps of the gradation with the combination thereof. 

Also, in a pair of the electrodes X( 4p+3 ) -X( 4p+4 ) on the 
2 nd phase display line, all the sub-fields are provides within 
the second period of the first field, in a pair of the electrodes 
X(4p+2 )-X(4p+3 ) on the 3 rd phase display line, all the sub-fields 
are provides within the third period of the second field, and in 
a pair of the electrodes X( 4p+4 ) -X ( 4p+5 ) on the 4 th phase display 
line, all the sub-fields are provides within the fourth period 
of the second field, respectively. 

In this manner, all the sub-fields of each phase are within 
a time period of about a half (1/2) of one (1) field, therefore 
it is possible to reduce the pseudo-contour greatly when displaying 
the moving picture. Also, in a case of trying to apply the display 
technology according to the present invention into the display 
of television signal, signals on the 1 st and 2 nd phases are displayed 
with the video signals transferred in the first field. In this 
case, since there is time difference of about 1/2 field in the 
display timing between the 1 st phase and the 2 nd phase, the video 
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signal on the 2 nd phase may be corrected one, which is compensated 
in the movement thereof. Also, the signals on the 3 rd and 4 th phases 
are displayed with the video signals transferred during the second 
field. This causes no shift on the picture when being displayed 
as it is, without movement compensation thereon, since the 
combination of the 1 st and 2 nd phases and that of the 3 rd and 4 th 
phases are interlaced with each other in the display, and since 
the television signal is also interlaced between the first field 
and the second field thereof. Also, when the display signal of 
the 4 th phase is the corrected signal which is compensated in the 
movement, the quality of display can be improved. 

Fig. 14 shows waveforms of voltages to be applied to each 
of the electrodes, in the display of the 1 st phase during the first 
period of the first field. Herein, only a case of SFl is shown. 

Onto each of the display electrodes X ( 1 ) , X ( 5 ) , ,X(4p+l) 

is applied voltage VXl, including a full write-in pulse 400 and 
sustain pulses 402. 

Onto each of the display electrodes X ( 2 ) , X ( 6 ) , ,X( 4p+2 ) . . 

is applied voltage VX2 , in which a scanning pulse 401 is superimposed 
on a bias 403 and includes sustain pulses 402 . Herein, the scanning 
pulses 401 are applied onto the display electrodes, sequentially, 
with shifting in timing, in the order of X(2), X(6), X(10) 

Onto each of the display electrodes X ( 3 ) , X ( 7 ) , . . . , X ( 4p+3 ) . . 
is applied voltage VX3, including DC voltage 1406 for preventing 
error discharge from occurring upon the sustain pulse on the 
neighboring display electrode, suchas, the display electrodeX( 2 ) . 
A value of this DC voltage is set to be the voltage value lower 
than that of the sustain pulse, and preferably to be about a half 
(1/2) of the voltage value of the sustain pulse. 

Onto each of the display electrodes X(4),X(8),...,X( 4p+4 ) . . 
is applied voltage VX4 , including the full write-in prevention 
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pulse 14 07 for preventing error discharge from occurring between 
the full write-in pulse on the neighboring display electrode, such 
as, the display electrode X(5) , and DC voltage 14 08 for preventing 
error discharge from occurring upon the sustain pulse. A value 
of this write-in prevention pulse is set to be the value, obtained 
by subtracting the starting voltage of discharge from the full 
write-in pulse 400, or more than that. 

On a while, onto the address electrode is applied voltage 
of VA, including a full write-in prevention pulse 1409/ an address 
pulse 4 05 depending upon information, and a sustain pulse discharge 
prevention DC voltage 1411. Herein, the address period Al of the 
sub-field shown in the Fig. 13 is such that, including the full 
write-in pulse and the scanning pulse 401 therein, and the display 
period SI is such that, including the sustain pulse therein. 

Next, discharge condition will be explained by referring 
to Fig. 14. 

When the full write-in pulse 4 00 is applied onto the display 
electrode X(4p+1), discharge occurs between the neighboring 
display electrode X(4p+2). Herein, though there lies also the 
electrode X(4p) neighboring thereto, however no discharge occurs 
since the full write-in prevention pulse 14 07 is applied thereto. 
Also, since the full write-in prevention pulse 1407 is applied 
to the address electrode, no discharge occurs between this 
electrode . This full write-in pulse has also a function of resetting 
information of the wall electric charge, which is written into 
the sub-field in advance by one. 

Next, when the voltage value of the full write-in pulse 400 
comes down, since the wall electric charge caused in the full 
writer-in charge is much enough (the voltage value of the full 
write-in pulse is sufficiently large) , self-erase discharge 
(full-erase discharge) occurs. The full-erase discharge is 
discharge, in which the wall electric charge is floated into space 
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within the cell, so as to neutralize ion and electron, thereby 
erasing the wall electronic charge caused in the full write-in 
discharge. 

Next , the scanning pulse is applied onto the display electrode 
X(4p+2) f and then address discharge occurs between the address 
pulse 405 on the address electrode, and making this address 
discharge as a trigger, the discharge occurs between the display 
electrode X(4p+1) and the display electrode X(4p+2). With this 
discharge, electron is developed in a form of electric charge on 
the electrode X(4p+1) while ion on the electrode X(4p+2). Next, 
in the display period , first of all when the first one of the sustain 
pulses 4 03 is applied onto the display electrode X(4p+2) , voltage 
of the wall electric charge of ion and that of the sustain pulse 
are superimposed with each other, thereby causing the discharge. 
Thereafter, with applying the sustain pulses onto the display 
electrodes X(4p+1) and X(4p+2), alternatively, the voltage 
superimposed with that of the wall electric charge exceeds the 
starting voltage of discharge, and the discharge is succeeded. 
The electrodes other than the display electrodes X(4p+1) and 
X(4p+2) are applied with sustain pulse discharge prevention DC 
voltage, and further no wall electric charge is developed on those 
electrodes, therefore no discharge occurs. 

In the above, description was given on the driving waveforms 
of the SF1 in the first period of the first field, however those 
of the SF2 and SF3 are also same to the cases shown in the Fig. 
14, but only differ from them in the number of the sustain pulses 
in the sub-field. 

Next, assignment is shown in a Table 1, of voltages, being 
applied to the respective electrodes during the 1 st , 2 nd , 3 rd and 
4 th periods of the first and second fields. With assignment of 
voltages to be applied to the respective display electrodes X in 
this manner, only the display electrodes X of even numbers are 
applied with the scanning pulses, and as a result of this, the 
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circuit comes to be simple in the construction thereof* 
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Next, the circuit structure will be explained on the plasma 
display panel display apparatus , according to the present invention , 
by referring to Fig. 15. This plasma display panel 100 is a panel 
of AC type. According to the Table 1, the scanning pulse and the 
sustain pulse are applied on the display electrodes of odd numbers 
while the full write-in pulse and the sustain pulse on those of 
even numbers, therefore the circuits to connected with differ 
between the display electrodes X of the even numbers and the odd 
numbers. Terminal portions of the address electrodes are drawn 
from the panel 100 onto upper and lower sides thereof , in the figure . 

Next, explanation will be given by following flows of the 
signals shown in the Fig. 15 . A video signal 1500 of analogue signal 
is converted into a digital video signal through an A/D converter 
1501. This digital video signal is encoded into a binary code of 
a brightness level , and this is converted through a Bit-SF converter 
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( bit /sub-field converter) 1502 into a signal fitted to a code 
obtained by weighting of the display period of the sub-field . Herein , 
if the weighting of the sub-field is the binary code as it is, 
an output signal of the A/D converter is used as it is, i.e., as 
a signal of SF. However, the video signal 1500 is the television 
signal, an inverse compensation of y (not shown in the figure) 
must be conducted here. The video signals fitting to the sub-fields 
are once stored into a field memory 1503, and then they are read 
out with the timing fitting to the address period of the each 
sub-field, wherein those are applied onto address electrodes of 
the panel 100 in the form of the address pulses of high voltage 
signals, which are necessary^in address drivers A1506 and B1507. 

On a while, the signals, such as, the full write-in pulse, 
the scanning pulse, the sustain pulse and the DC voltage, etc., 
are applied onto the display electrodes X irrespective of the video 
signal, and those signals are generated by a control signal 
generator circuit 1505. In the structure of this control signal 
generator circuit 1505, in more details, information is written 
into a ROM in advance, and is read out with the timing determined 
by elk (clock signal), H (horizontal synchronism signal), V 
(vertical synchronism signal) , etc. Among outputs of this control 
signal generator circuit 1505, those including the scanning pulse 
are inputted into a scan-sustain driver Al 5 1 0 , so as to be converted 
into the scanning pulse and a high voltage signal, such as, the 
sustain pulse, and they are applied onto theX(4p+2) of the display 
electrodes X. To those electrodes, they are applied during the 
first period of the first field and during the third period of 
the second field, in accordance with the Table 1. Also, upon an 
output of the control signal generator circuit 1505 , other signals , 
including the scanning pulse therein, are inputted into a 
scan-sustain driver B1511 , so as to be converted into the scanning 
pulse and a high voltage signal, such as, the sustain pulse, and 
they are applied onto the X(4p+4) of the display electrodes X. 
To these electrode, they are applied during the second period of 
the first field and during the fourth period of the second field. 



-34- 



Also, those, including the full write-in pulse signal and 
the sustain pulse signal therein, are inputted from the control 
signal generator circuit 1505 into a sustain driver A1508, so as 
to be converted into a necessary high voltage pulse, and it is 
applied onto the X(4p+1) of the display electrodes X, in common. 
To those electrodes, it is applied during the first period of the 
first field and during the fourth period of the second field. Also, 
other signals, including the full write-in pulse signal and the 
sustain pulse signal therein, are inputted into a sustain driver 
B1509, so as to be converted into a necessary high voltage pulse, 
and it is applied onto the X(4p+3) of the display electrodes X, 
in common,. To those electrodes, it is applied during the second 
period of the first field and during the third period of the second 
field. Also, to the X(4p+1) of the display electrodes X is applied 
the DC voltage, during the second period of the first field and 
during the third period of the second field, through the sustain 
driver A1508, in the display period. Also, to the X(4p+3) of the 
display electrodes X is applied the DC voltage, during the first 
period of the first field and during the fourth period of the second 
field, through the sustain driver B1509, in the display period. 
Also, to the X(4p+2) of the display electrodes X is applied the 
DC voltage of the full write-in discharge prevention pulse and 
the sustain pulse discharge prevention pulse, through the 
scan-sustain driver A1510, during the second period of the first 
field and during the fourth period of the second field. And also, 
to the X( 4p+4 ) of the display electrodes X is applied the DC voltage 
of the full write-in discharge prevention pulse and the sustain 
pulse discharge prevention pulse, through the scan-sustain driver 
B1511, during the second period of the first field and during the 
third period of the second field. 

Also, to all the address electrodes is applied the DC voltage 
of the full write-in discharge prevention pulse and the sustain 
pulse discharge prevention pulse, through the scan-sustain driver 
B1511. 



-35- 



Also, to all the address electrodes is applied the DC voltage 
of the full write-in discharge prevention pulse and the sustain 
pulse discharge prevention pulse, through the address drivers Al 506 
and B1507. 

Next, explanation will be given on a sixth embodiment of 
the present invention, by referring to Figs. 16 and 17. An aspect 
differing from the fifth embodiment mentioned above lies in that 
two (2) of the display electrodes, onto which the scanning pulses 
are applied, are connected in common through connection of the 
panel electrodes, thereby enabling to cut the number of circuits 
outputting the scanning pulses down to a half (1/2). 

Fig. 16 is a view of shows wiring of the electrodes on the 
panel. The display electrodes, onto which the scanning pulses are 
applied, are indicated by Yl, Y2 , Y3 . . . , while the other display 
electrodes by XI, X2, X3 . . . Those Y and X electrodes are disposed 
one by one, alternatively. The X display electrodes forming a pair 
with the display electrode of Yl are the display electrodes XI 
and X3 , neighboring with the Y electrode up and down or on both 
sides, and those electrodes forming the pair differ in timing of 
display, therefore the display never be conducted on both at the 
same time. Those relationships are same to the Y2, Y3 . . . , too. 
Herein, Yl and Y2, Y3 and Y4 , . . . , in a pair are connected to the 
scan ICs (i.e., the integrated circuits for generating the scanning 
pulses) , in common, and further, they are connected to Y collector 
circuits 1 and 2, functioning as the sustain pulse generators, 
alternatively by every second (2 nd ) of the pair of Y electrodes 
(i.e., the scan ICs are connected to the Y collector circuits 1 
or 2, by every second (2 nd ) thereof), as shown in the same figure. 
On a while, the X electrodes are connected to X collector circuits 
1,2,3 and 4 , functioning as the sustain pulse generator circuits , 
respectively by every fourth (4 th ) piece thereof. With such the 
connection condition of the display electrodes, since the X 
electrodes, XI, X2 and X3, forming pairs with the electrodes Yl 
and Y2 up and down and being connected in common, are all connected 
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to the different circuits, respectively, therefore the X electrodes 
forming the pairs can be selected through controlling the output 
waveforms of the different X collector circuits, if the scanning 
pulse is applied onto the electrodes Yl and Y2 . Those relationships 
are same to the electrodes Y3 and Y4, and Y5 and Y6,..., too. 

Fig. 17 shows the waveforms of driver voltages for driving, 
in the connection condition of the display electrodes of the panel 
shown in the Fig. 16 . Herein, the waveforms shown are of the driver 
voltage on the electrodes from XI to X5 and the electrodes from 
Yl to Y5, and they are the voltage waveforms in one (1) sub-field 
under the condition that Ll, L5 and L9 are selected by the display 
liens from Ll to L9. Thus, it shows the driving condition in one 
(1) sub-field within the first period of the first field shown 
in the Fig. 13. Herein, a driving method of address erase type 
is shown , as an example . 

First of all, on a selection electrode of Ll at the 1 st line, 
a reset pulse 1700 and sustain pulses 1703 are applied onto the 
electrode XI from the X collector circuit 1. To the electrode Yl 
forming a pair with the electrode XI , a reset pulse 1701 , a scanning 
pulse 17 02 and sustain pulses 17 04 are applied. With those reset 
pulses 1700 and 1701, weak discharge occurs between the electrodes 
XI and Yl irrespective of occurrence of discharge in the previous 
sub-field, thereby developing electron in a form of the wall 
electric charge on the electrode XI while ion on the electrode 
Yl. Next, by means of the scanning pulse 1702 on the electrode 
Yl and a pulse (not shown in the figure) on the electrode A, discharge 
occurs between the electrode A and the electrode Yl , and this comes 
to be a trigger for generating the self-erase discharge between 
the electrode Yl and the electrode XI . With this , the wall electric 
charge developed upon the reset pulse is erased (i.e., address 
erase) . Next, though the sustain pulses 1703 and 1704 are applied 
onto the electrodes XI and Yl, since no wall electric charge is 
remained in the display cell, no light emission occurs with this 
sustain pulses. When conducting the light emission for display, 
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no pulse is applied onto the electrode A when the scanning pulse 
of the electrode Yl is applied to. In this instance, since there 
is remained the wall electric charge developed by the reset pulse 
in advance, then the operation of light emission between the 
electrodes XI and Yl by means of the sustain pulses is carried 
out. 

Next, on the non-selection line L2 of the 2 nd line, to the 
electrode X2 is applied the sustain pulses 1705, being same in 
phase to the sustain pulses 17 04, which are generated from the 
X collector circuit 2 and applied onto the electrode Yl . Since 
the sustain pulses are same in the phase thereof, error Light 
emission will never occur on the line L2 . Also on the line L3 , 
the pulse waveforms on the electrode Y2 is same to those on the 
electrode Yl, however since the sustain pulses on the electrodes 
X2 and Y2 are same in the phase, no light emission will occurs. 

Next, on the line L4 , to the electrode X3 are applied the 
sustain pulses 1705, being same in phase to the reset pulse 1700, 
and the sustain pulses are applied on the electrode Y2 from the 
X collector circuit 3 . The line L4 constructed with the electrodes 
Y2 and X3 will never occur light emission since the sustain pulses 
thereof are same in phase. 

Next, on the selection line L5 , to the electrode Y3 are applied 
the reset pulse 1701, the scanning pulse 1707, and the sustain 
pulses 1708, which are reversed in phase opposite to the sustain 
pulses on the electrode X3 . Those sustain pulses on the electrode 
Y3 are generated from a Y collector circuit 2, being different 
from the Y collector circuit for generating the sustain pulses 
onto the electrodes Yl and Y2 . In this manner , since to the electrodes 
X3 and Y3 are applied the reset pulse and the scanning pulse, and 
the sustain pulses being opposite to in phase to each other, then 
the electrodes X3 and Y3 are selected in a pair to form a line. 

Next, onto the electrode X4 is applied the sustain pulses 
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1703, which are same in phase to those on the electrodes Y3 and 
Y4 , from a X collector circuit 4, and the lines L6 and L7 are 
non-selection lines. Also, onto the electrode X5 are applied the 
reset pulse 1700 and the sustain pulses, being same in phase to 
those on the electrode Y4 , from the X collector circuit 1. Since 
this electrode X5 is also connected with the electrode XI , in common, 
it is provided with the same pulses to those, which are applied 
to the electrode XI. Since the sustain pulses applied onto those 
electrodes X5 and Y4 are same in phase , L8 is turned to the non- sect ion 
line. 

Next, onto the electrode Y5 are applied the rest pulse 1701 
and the scanning pulse 1709, as well as, the sustain pulses 1704 
being different in phase from those on the electrode X5, and then 
those electrodes Y5 and X5 construct the selection line in a pair. 
The sustain pulses on this electrode Y5 are generated from the 
Y collector circuit 1. 

In this manner, common connection of two (2) pieces of lines 
of the Y electrodes enables to cut the number of the scan ICs down 
to a half (1/2) thereof. The selection of lines in this case can 
be conducted through combination of four (4) of the X collector 
circuits and two (2) of the Y collector circuits. 

Next, explanation will be given on a seventh embodiment of 
the present invention, by referring to Figs. 18 and 19. An aspect 
differing from the fifth embodiment lies in that at least one period 
of the 1 st , 2 nd , 3 rd and 4 th periods of the first and second fields 
is different from other sub-fields and periods in alignment order 
thereof. According to the display method of the present invention, 
since the time and line of the display are different in four (4) 
periods, the sub-fields are different in the alignment order in 
those four (4) periods, thereby enabling scattering or dispersion 
of the pseudo-contour in space. Accordingly, in addition to the 
cut-down of the display time for one display line to a half (1/2) 
field, also the pseudo-contour can be further reduced down. 
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Fig. 18 shows an example, wherein the alignment orders of 
sub-fields are different in 1 st and 2 nd phases , and 3 rd and 4 th phases , 
respectively. Plural numbers of the sub-fields are weighed by 
changing the number of the sustain pulses to be applied within 
the display period, so as control the light emission in those 
sub-fields, therefore the gradation can be presented by changing 
the number of light emission pulses weighted. Now, assuming that 
the number of the sub-fields is eight (8), being attached with 
numerical references, 1,2, 3, 4, 5, 6, 7 an 8, respectively, and 
also that a ratio of weighting on the sub-fields (display time) 
is 1:2:4:8:16:32:64:128, then it is possible to obtain gradation 
display of 256 steps^ f rom the combination of light emissions in 
those sub-fields. In the alignment order of sub-fields , generally, 
the sub-field having the heaviest weight is put in a center and 
other sub-fields are aligned in front and/or rear thereof in such 
the order, that the weight comes down small gradually (i.e., the 
display time is shorten). It is assumed that the sub-fields are 
aligned, forexample, 1, 3, 5, 7, 8, 6, 4, 2, in the order of alignment . 
As is shown in the Fig. 18, in the 1 st period (l Bt phase) of the 
first field, the sub-fields are aligned in this order, however 
they are aligned in the order, 2, 4, 6, 8, 7, 5, 3, 1, opposing 
to that, in the 2 nd period (2 nd phase) of the first field. With 
such the alignments in this manner, appearance of the 
pseudo-contour obstruction can be made reversed in the manner 
thereof between the 1 st and 2 nd phases, i.e., in the condition of 
negating each other , therefore said the pseudo-contour obstruction 
can be reduced. Also, similarly in the 3 rd and 4 th phases, with 
reversing in the alignment orders of the sub-fields to each other, 
it is possible to reduce the pseudo-contour obstruction, which 
appears in the second field. 

Fig. 19 shows other example of the alignment order of 
sub-fields. Other than the alignment mentioned above, as another 
alignment order of the sub-fields, for achieving the same effect 
to that, there is a manner, wherein the heavily weighted sub-fields 
are disposed at both ends of the alignment, while other sub-fields 
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are aligned in such the order, that the weight comes to be small 
as it comes up to the center thereof . Such the order is , for example, 
8, 6, 4, 2/ 1, 3, 5, 7 , and so on. A four (4) -phase driving is 
conducted by combining those methods for the alignment, i.e. , the 
sub-fields are aligned, so that the weight comes down smaller 
gradually as it comes up to the center, in one of them, while it 
comes up larger (heavy) gradually, and in the other thereof. In 
the Fig. 19, the alignment is 1, 3, 5, 7, 8, 6, 4, 2 in the 1 st 
phase, and it is 8, 6, 4, 2, 1, 3, 5, 7 in the 2 nd phase. In the 
case of the alignment of the 1 st phase, the pseudo-contour appears 
in the central side of the alignment of the sub-fields, while, 
"c\n the contrary to this, it appears at both sides thereof in the 
case of the alignment of the 2 nd phase. Accordingly, the timing 
when the pseudo-contour obstruction appears can be dispersed 
between the alignments of the cases of the 1 st phase and the 2 nd 
phase, therefore it is possible to make the pseudo-contour 
unnoticeable. The alignment within the 3 rd phase is reversed in 
the order of the sub-fields opposite to the alignment within the 
1 st phase, and that within the 4 th phase is reversed in the order 
of the sub-fields opposite to the alignment within the 2 nd phase. 
With such the structure as was mentioned above, it is possible 
to scatter or disperse the pseudo-contour appearing between two 
(2) of the sub-fields. 

The second embodiment mentioned in the above is in a case, 
where the weighting is conducted by means of the binary code, however 
the present invention should not be restricted only to that. The 
present invention is also applicable to the structure of sub-fields , 
in which there are provided plural numbers of the sub-fields , being 
weighted substantially in egual , for example , 1:2:2:4:4:8:8, etc . 
Also, the number of the sustain pulses in the sub-field, which 
is weighted by the binary code, does not fit to the value obtained 
by the binary code, correctly, due to saturation in the brightness 
of fluoresce substance, the brightness of address discharge, etc., 
therefore, it is generally designed within an allowable error 
amount of about 10%, and this case is also involved within the 
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gist of the present invention. 

Next, explanation will be given on an eighth embodiment of 
the present invention, by referring to Figs. 20, 21 and 22, and 
a Table 2, as well. An aspect differing from the fifth embodiment 
lies in that the three (3) phase display is conducted by one (1) 
field, according to the present eighth embodiment, on the contrary 
to this, the four (4) phase display is conducted by two (2) fields 
in the fifth embodiment. The same panel is used herein, as was 
explained in the fifth embodiment. 

Explanation will be given on a display condition by referring 
to Fig. 20. The time of one (1) field is divided into l et period, 
2 nd period, and 3 rd period. In the 1 st period, X(3p+1) and X(3p+2) 
of the display electrodes X form a display line in a pair, wherein 
the display is conducted by generating surface discharge between 
those electrodes by means of the sustain pulses . In the 2 nd period, 
X(3p+2) and X(3p+3) of the display electrodes X form a display 
line in a pair, and the surface discharge is generated between 
those electrodes by means of the sustain pulses . In the 3 rd period, 
X(3p+3) and X(3p+4) of the display electrodes X form a display 
line in a pair, and the surface discharge is generated between 
those electrodes by means of the sustain pulses , thereby obtaining 
the display. 

Fig. 21 is a view for showing a method for forming the 
sub-fields for each of those phases. On a line of the 1 st phase 
of the pair of the display electrodes , i.e., X( 3p+l ) -X( 3p+2 ) , all 
the sub-fields are disposed in the 1 st period of one (1) field. 
On a line of the 2 nd phase of the pair of the display electrodes, 
i.e., X(3p+2 )-X(3p+3 ) , all the sub-fields are disposed in the 2 nd 
period of that one (1) field. On a line of 3 rd phase of the pair 
of the display electrodes, i.e., X( 3p+3 ) -X( 3p+4 ) , all the 
sub-fields are disposed in the 3 rd period of that one (1) field. 
In this manner, since the sub-fields of the each phase are disposed 
within the period being cut down to one-third ( 1 /3 ) , it is possible 
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to suppress almost of generation of the pseudo-contour obstruction . 
The sub-fields of the each sub-field are weighted in the display 
period, and the each sub-field is constructed with the address 
period and the display period, in the same manner as in the fifth 
embodiment . 

Fig. 22 shows voltages in the first one of the sub-fields 
in the 1 st period, among those being applied onto the display 
electrodes and the address electrodes. To the display electrode 
X(3p+1) is applied voltage VX5, including a full write-in pulse 
400, abias pulse404 and sustain pulses 402. To the display electrode 
X(3p+2) is applied voltage VX6, including a scanning pulse 401 
superimposed on bias voltage 403 and the sustain pulses 403. The 
display line is formed with those display electrodes X(3p+1) and 
X(3p+2), and the surface discharge for display occurs upon the 
sustain pulses 402 and 403. On a while, to the electrode X(3p+3) 
between the display lines is applied voltage VX7 , including a full 
write-in prevention pulse 1407 and sustain pulse discharge 
prevention DC voltage 1408. To the address electrode is applied 
voltage VA, including a full write-in prevention pulse 1409, an 
address pulse 405 and sustain pulse discharge prevention DC voltage 
1411. The function of each of the pulses of those voltages, i.e., 
VX5, VX6 and VX7 are same to those of the VXl, VX2 and VX3 shown 
in the Fig. 14, which were mentioned in the fifth embodiment . However, 
the period of the total sub-field is a half (1/2) of the field 
in the case of the fifth embodiment, on the contrary to this, it 
further comes down to one-third (1/3) in the field in the case 
of this eighth embodiment. Because of this, in the case of this 
eighth embodiment, there is a possibility that the number of the 
sustain pulses for each of the sub-fields be less than that of 
the fifth embodiment. 

A Table 2 below shows the voltages to be applied in the 1 st 
period, the 2 nd period and the 3 rd period, with fourteen ( 14 ) pieces 
of the display electrodes X. 
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Next, explanation will be given on a ninth embodiment of 
the present invention, by referring to Fig. 23 through 26. 

Fig. 23 shows the structure of the plasma display panel and 
the electrode driver circuits thereof, according to the present 
invention. In the plasma display panel 100 , the display electrodes 
X and Y are disposed in parallel to each other, while the address 
electrodes A in the direction of crossing-over therewith. Because 
of the high definition of the display on the display panel, those 
pairs of the display electrodes X-Y are 1,024 in number thereof, 
while the address electrodes 3, 072 in common from up to down (one 
pixel is constructed with three ( 3 ) pieces thereof, and 1 , 024 pixels 
in horizontal direction) . For the purpose of applying the scanning 
pulses onto the Y electrodes, those electrodes are connected to 
scan ICs, however the scan ICs are divided into up and down on 
the panel, wherein a scan IC 2300 forms one group for the electrodes 
from Yl to Y512, while a scan IC 2301 for the other from Y513 to 
Y1024 . To the scan IC for each group are connected a Y power collector 
circuit 1 (2302) and a Y power collector circuit 2 (2303), for 
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applying display sustain pulses. On a while, a driver circuit for 
the X electrodes comprises a X power collector circuit 1 (2304) 
for applying display sustain pulses to the electrodes from XI to 
X512, respectively , and a X power collector circuit 2 (2305) for 
applying them onto the electrodes from X5 13 to XI 024 , respectively . 
Also, to the address electrodes A is connected an address IC, for 
the purpose of applying address pulses depending upon information 
to them, respectively. 

Fig. 24 shows an example of driving operation of the plasma 
display panel according to the present invention . The display lines 
constructed with the display electrodes X-Y are divided into two 
(2) regions, i.e., the one group from 1 st line to 512 th line, and 
the other group from 513 th line to 1,024 th line. In each of the 
groups, one ( 1 ) sub-field is constructed with reset period of same 
time, blanking period(l), address period, and display period, and 
those periods are shifted, respectively, in time period in the 
other group. Herein, the feature of the present invention lies 
in that the display sustain operation (in the display period) is 
conducted on the group of the lower portion of the panel, while 
during this period, the address operation (in the address period) 
on the group of the upper portion thereof. In this manner, the 
address operation and the display sustain operation can be 
conducted at the same time, i.e. , between the upper and the lower 
portion of the panel , and this brings about rise-up of a coefficient 
of use of time, as well as, realization of the display of the large 
number of sub-fields and application of large number of sustain 
pulses, thereby enabling improvement against the pseudo-contour 
and for display with high brightness. 

Next, explanation will be given on a driving method of the 
panel, in more details thereof, by referring to Fig. 24 . In a first 
sub-field (SFl) from the 1 st line to the 512 th line in the upper 
portion of the panel shown in the Fig. 24, first of all, there 
is provided the reset period for applying pulses for preparation 
of addressing. In this period, erasing is conducted on the wall 
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electric charge, which was developed in the last sub-field of the 
previous field, as well .as, the discharge all over the surface 
of the upper portion of the panel, once, (write-in and erase on 
all over the surface), thereby remaining only a portion of the 
spatial electric charge in the discharge cells within the panel 
(residual spatial electric discharge), so as to be driven to 
discharge in the next address period, easily with low voltage. 
In the driving of the upper portion of the panel, there is provided 
a slight blanking period(l) after the reset period. This blanking 
period(l) is to prohibit the address period from being overlapped 
between the upper and lower portions of the panel. In the address 
period of the upper portion of the panel, the scanning pulses are 
applied to those lines from 1 st line to 512 th line, thereby conducting 
the scanning. In the address period of the lower portion of the 
panel, the scanning pulses are applied to those lines from 513 th 
line to 1,024 th line, thereby to conducting the scanning. On the 
scanning operation in the address period, there is provided the 
blanking period(l) , so that the scanning is suspended or stopped 
there, once when it is conducted in the vicinity of a boundary 
portion between the upper and lower portions of the panel. This 
blanking period ( 1 ) is set to be same to the reset period in timing, 
so that the scanning is conducted in the vicinity of the boundary 
portion between the upper panel portion, after completion of the 
reset period of the lower panel portion. This is because, if the 
lower panel portion conducts the reset discharge on the boundary 
portion between the upper panel portion, the wall electric charge 
is disturbed on the borderline between the upper panel portion, 
therefore, for the purpose of prevention from this, the address 
discharge on the borderline between the upper panel portion is 
conducted after the reset discharge of the lower panel portion, 
so as to develop the wall electric charge with certainty. In the 
upper panel portion, the display period is provided after the 
address period, thereby bringing only the discharge cells , in which 
the wall electric discharges are developed within the address 
period, to achieve the display operation. On a while, in the driving 
operation of the lower panel portion, the reset period of the first 
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sub-f ield overlaps with the blanking period ( 1 ) of the upper panel 
portion, and the blanking period(l) is provided just after the 
reset period because of existence of a portion of the address period 
of the upper panel portion, therefore the scanning is conducted 
on the lines from the 1,024 th line to the 513 th line, in the address 
period after that, in direction from down to up on the panel • In 
this manner, the direction of scanning in the lower panel portion 
is opposite to that in the upper panel portion, however, with doing 
so, it is possible to bring the scanning operation on the panel 
boundary portion of the lower panel portion to be conducted after 
the completion of the reset period of the upper panel portion. 
When the scanning of the lower panel portion comes close to the 
boundary portion, there is provided the blanking period(l), and 
during of this , the reset operation is conducted in the upper panel 
portion. When the scanning is completed on the lower panel portion, 
the display is performed by applying the display sustain pulses 
in the display period. 

Herein, in a case where the display period is long, such 
as the second sub-field (SF2) of the upper panel portion / the 
blanking period(l) provided between the address periods of the 
lower panel portion is elongated until when the display period 
and the reset period of the upper panel portion are completed. 

Figs. 25 and 26 are views of showing the scanning method 
for achieving the same display on two (2) lines. Fig. 2 5 shows 
the scanning method on the upper panel portion, while Fig. 2 6 shows 
that on the lower panel portion. In the upper panel portion in 
the Fig. 25, the scanning pulses are applied at the same time to 
the first field, i.e., Yl and Y2, Y3 and Y4 , . . . , Y511 and Y512. 
With this, the l at and 2 nd lines, the 3 rd and 4 th lines, . . . , the 511 th 
and 512 th lines display the same on them in a pair. Because the 
television signal is an interlaced signal, therefore, two (2)-line 
display is performed with the signals separated by every second 
line. In the second field, in a manner of stitching between the 
simultaneous displays of two (2) lines of the first field, the 
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scanning pulses are applied onto the electrodes, Y2 and Y3, Y4 
and Y5,..., Y510 and Y511, and Y512, at the same time, thereby 

making the 2 nd and 3 rd lines, the 4 th and 5 th lines, display the 

same on them in a pair. With doing so, the displayed picture is 
improved in quality thereof. Fig. 2 6 shows the scanning method 
of the lower panel portion . The scanning is directed from the 1 , 024 th 
line to the 513 th line, and the scanning pulses are applied onto 
the electrodes, Y1024 and Y1023,..., and Y514 and Y513, at the 
same time. Also, in the second field, the scanning pulses are applied 
onto the electrodes, Y1024, Y1023 and Y1022,..., Y515 and Y514, 
and Y513, at the same time. 

Herein, comparison is made between the conventional art and 
the present invention, in particular, on a ratio of utilization 
of time. It is assumed that the number of display lines is 1,024, 
the same display is conducted on two (2) lines, and the address 
period (width of the scanning pulse) is 2 \is , for both the 
conventional art and the present invention. A Table 3 below is 
for the purpose of comparison of the utilization of time, between 
the conventional art and the present invention. 



Table 3 



Item 


Present Invention 


Conventional Art 


Number of Sub-fields 


12 


12 


Address Period (\xs) 


2 


2 


Reset Period (ms) 


1.9 


1.9 


Address Period (ms) 


6.1 


12.2 


Display Period (ms) 


4.3 


2.5 


Blanking period(l) 
(ms) 


, 1.9 


0 


Blanking period(2) 
(ms) 


2.4 


0 



With the results mentioned above, any case thereof is 
calculated out by assuming that the ratio of the display period 
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is 1:2:4:8:16:32:32:32:32:32:32:32 in the twelve (12) sub-fields. 
Also, the waiting time means the time from the end of display period 
to the reset period of the present invention, and this is a time 
zone for adjusting the address periods between the upper and lower 
panel portions f not so as to be overlapped with each other . Apparent 
from the above table, the display period is elongated to be about 
1.7 times long in the present invention, comparing to that of the 
conventional art, and then, much large number of display sustain 
pulses can be applied to, for it . Therefore, in the present invention, 
the brightness can be obtained about 1.7 times higher, comparing 
to that of the conventional art. 

Next, explanation will be given on a tenth embodiment of 
the present invention, by referring to Figs. 2 7 and 28. 

Fig. 27 shows the structure of providing a horizontal rib 
2700 at the boundary portion between the upper and lower panel 
portions, for the purpose of cutting the movement of electric 
charges between the discharge cells. For preventing stroke from 
occurring on the boundary portion between the upper and lower panel 
portions , according to the ninth embodiment , the blanking period ( 1 ) 
is provided in each sub-field, and the scanning direction is 
reversed in the lower panel portion, so that the scanning of the 
line on the boundary portion comes after the end of the reset period. 
On the contrary to this, because the horizontal rib is provided 
at the boundary portion, in the tenth embodiment, it enables to 
prevent the stroke from occurring between the discharge cells, 
therefore there is no necessity of providing the blanking period ( 1 ) 
or the reverse scanning. Because the blanking period(l) can be 
removed therefrom, the display period can be elongated for it, 
and much large number of the display sustain pulses can be applied 
to. Because of this, the display can be brightened much more than 
the case of the ninth embodiment mentioned above. 

Fig. 28 is a view for showing a driving method of the panel 
with provision of the horizontal rib at the boundary portion of 
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the panel. An aspect differing to that shown in the Fig. 24 lies 
in that the blanking periods, provided after the reset period and 
on the way of thereof , are removed, and that the scanning in the 
lower panel portion is made to direct from the 513 th line to the 
1,024 th line. In this case, also the display being same on two 
( 2 ) lines is also conducted , and the method of applying the scanning 
pulses is same to the case as was shown in the Fig. 25. The Fig. 
2 6 shows the reverse scanning of the ninth embodiment, however 
it is not necessary in the tenth embodiment, any more. 

Next, explanation will be given on an eleventh embodiment. 

In the ninth and tenth embodiments, the panel is divided 
into the upper and lower portions, and then the display periods 
and the address periods are superimposed between the both upper 
and lower portions thereof, in time. With this driving method, 
since the address electrodes are wired round on upper and lower 
sides of the panel, in common, it may happen a case that leakage 
voltage of the sustain pulses may appear on the address pulse, 
due to capacitive connection between the address electrodes and 
X-Y display electrodes , when the display sustain pulses are applied 
in the upper panel portion. 

In such the case, there is possibility that error occurs 
in the address operation. This eleventh embodiment shows a method 
for applying pulses, which may causes such the error mentioned. 
Fig. 29(a) shows waveforms of the display sustain pulses and the 
address pulses on the X-Y display electrodes. In a case where the 
X-Y display electrodes and the address electrodes form the 
capacitive connection therebetween, the leakage voltage 2 900 
appears on the address electrode during transition period in the 
voltage of the sustain pulse. In this case, the leakage voltage 
appears as a noise, however the sustain pulse and the address pulse 
are adjusted in the phase therebetween , so that the time of appearing 
this noise comes within voltage hold period of the address pulse. 
Fig. 29(b) shows a representative one of the address voltage driver 
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circuit, and is generally of a push-pull type. The address pulse 
sometimes contains pulses or not, depending upon information, 
however there is necessarily provided the trans it ion period between 
them when the pulses are applied thereto. This transition period 
lies when an upper FET 2903 or a lower FET 2904 starts turning 
ON thereof, and at that instance an output impedance of the circuit 
comes to be large value. When the leakage voltage, due to the 
capacitive connection, enters into or appears on the address 
electrode from the X-Y electrodes, the noise thereon comes to be 
large. If the leakage voltage appear when the FET 2903 or FET 2904 
is fully turned ON, it passes through the FET 2903 or a parasitic 
diode 2 901 t her eo f , or the FET 2 9 0 4 or a paras it ic diode 2902 t her eo f , 
and flows into a direction of a power source of the leakage voltage, 
therefore the noise appearing on the address electrode comes to 
be small. In this manner, shifting of the transition period on 
the display sustain pulse to be applied to the X-Y electrodes within 
the hold period of the address pulse, enables address operation 
without the error in operations thereof . This method can be realized 
by adjusting the phase of either one, when the address pulse and 
the sustain pulse are in a relationship that can be expressed by 
a ratio of integer between the periods thereof. 

Next, detailed explanation will be given on a twelfth 
embodiment of the present invention, by referring to Figs. 30 
through 33. 

Fig. 31 shows the condition of address discharge in the 
conventional art. When the scanning pulse 3104 and the address 
pulse, each having pulse width "ts" , are applied onto the Y electrode 
and A electrode, discharge is generated between the address 
electrode and the Y electrode with a time delay of "td", wherein 
current 3103 flows out on the address electrode while current 3102 
flows in on the Y electrode. Triggering of this discharge, another 
discharge is generated just after thereof between the X electrode 
and the Y electrode, thereby causing the flow-out of current 3100 
on the X electrode while the flow- in of current 3 1 0 1 on the Y electrode . 
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The X electrode and the Y electrode are covered with dielectric 
substance, therefore the wall electric charge is developed due 
to the discharge, and the discharge is stopped when the substantial 
voltage, i.e., the sum of the voltage applied and the voltage caused 
due to the wall electric charge , comes down to be lower than discharge 
sustain voltage. This is the time indicated by "tm" in the figure, 
and this series of the address discharges are conducted within 
a period during when the scanning pulse is applied to. Accordingly, 
there is established a relationship, i.e. , tm <; ts . The time "tm", 
indicating the time period until when this address is ended, depends 
largely on the structure of the panel, suchas, sizes of the discharge 
ceil, a mixture ration of Ne-Xe gas, pressure of the gas, width 
of the electrode, properties of MgO film, etc. , and the time "tm" 
must be equal to 1 yis or larger than that, according to the present 
technology of manufacturing the panel. 

Fig. 30 shows waveforms of the scanning pulse to be applied 
onto the scanning electrode, i.e. , the Y electrode, and discharge 
voltages on the respective electrodes. This is characterized that 
the width "ts" of the scanning pulse is shorter than the time "tm" 
until the end of the address discharges . When applying the scanning 
pulse 3000 onto the Y electrode while the address pulse 3006 onto 
the address electrode, discharge is caused between the address 
electrode and the Y electrode after delaying by the discharge time 
"td", and the current flow-out appears on the address electrode 
while the current flow- in on the Y electrode. Being triggered with 
this discharge between the address electrode and the Y electrode, 
the discharge is generated between the X electrode and the Y 
electrode, and the current flow-out appears on the X electrode 
while the current flow- in on the Y electrode . During the time perioid 
when the discharge is generated between the X electrode and the 
Y electrode, the scanning pulse is ended, and then voltage rises 
up. At that instance, the discharge between the X electrode and 
the Y electrode becomes weak, so that the discharge current is 
decreased, however the voltage 3 001 applied onto the Y electrode 
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just after the scanning pulse sustains the discharge between them. 
In that instance, the discharge continues or is sustained between 
the X electrode and the Y electrode if the scanning pulse is ended, 
therefore discharge current 3 002 flows on the X electrode and 
discharge current 3003 on the Y electrode, continuously. With those 
sustain discharge currents 3002 and 3003 , the wall electric charge 
is developed, sufficiently, between the X electrode and the Y 
electrode, as a memory medium. Those sustain discharge currents 
3002 and 3003, however, stop when the sum of electric fields comes 
down to equal or greater than the discharge sustain voltage, i.e. , 
the one developed by the voltage applied onto the X electrode and 
the voltage 3001 applied onto the Y electrode, and other due to 
the wall electric charge developed between the X and Y electrodes . 

Pulses 3009 of information on other display line is also 
applied onto the address electrode, however no discharge is caused 
between voltage of the pulse 3 009 on the address electrode and 
the voltage 3001 after the scanning pulse on the Y electrode. This 
is because the voltage 3 0 0 1 is set up so that no discharge is generated 
between the voltage after the scanning pulse and the voltage of 
the address pulse, even if occurring discharge between the voltage 
of the scanning pulse and the address pulse. Also, that voltage 
3001 is set up , so that the sustain discharge of the address discharge 
is generated between the X electrode and the Y electrode. It is 
possible to set up the value of this voltage with satisfying both 
those conditions, since the difference between the voltage value 
for keeping the sustain discharge and the value of discharge start 
voltage lies in a range from several tens to a hundred V or the 
like. Also, the sustain discharge is kept between the X electrode 
and the Y electrode, and the discharge sustain voltage between 
the both electrodes , according to the present panel characteristics , 
is lower than that in the case of discharging between the address 
electrode and the Y electrode. 

Fig. 32 shows waveforms of the driving voltages on the X 
electrode, the Y electrode and A electrode (i.e., the address 
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electrode) , respectively- After applying the reset pulse 400 onto 
the X electrode in the address period, the bias pulse 404 is applied 
onto the X electrode while applying the scanning pulse 3200 and 
the voltage 32 0 for sustaining the address discharge onto the Y 
electrode as the scanning electrode. In this example, the voltage 
3 2 0 1 is applied to during all the time of the address period . Applying 
the address pulse 4 05, depending upon information, onto the A 
electrode, discharge is generated between the address electrode 
and the Y electrode when the address pulse 405 and the scanning 
pulse overlap each other. With triggering of this, another charge 
occurs between the X electrode and the electrode , and this discharge 
continues in the form the sustain discharge by the voltage 3201 
after the end of the scanning pulse 3200. In the display period 
after the address period, alternating sustain pulses 402 and 403 
are applied between the X electrode and the Y electrode, thereby 
making only the discharge cell, in which the wall electric charge 
is developed through the address discharge in the address period, 
emit the light for display. 

Fig. 33 shows another example of waveforms of the scanning 
pulses and voltages, to be applied to the Y electrodes during the 
address period. The Yn electrode (i.e., the Y electrode of Yn th 
number) is set from the ground voltage 33 03 to such voltage that 
it sustain no address discharge in the address period, and then 
the scanning pulse 3301 is applied thereto. And, it is set to such 
voltage that it sustains the address discharge, just after 
completion of application of the scanning pulse 3301 . This voltage 
3302 is applied until when the sustain discharge of the address 
discharge is fully ended, and thereafter, it is increased up to 
the level of voltage 33 00 which causes no sustain discharge. After 
completing the address period, it is turned back to the ground 
voltage 3303, again, and in the display period after that, the 
sustain pulse is applied to. The voltage 3302 for sustaining the 
address discharge is delayed in the application time , sequentially , 
in the same manner of the scanning pulse, on the Yn+1 electrode. 
In this way, provision of the level of voltage 3300 causing no 
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sustain discharge therewith enables the prevention of the error 
discharge from occurring between the address pulse on the address 
electrode. 

In this manner, the scanning pulse is ended before the address 
discharge is finished, and sustain discharge is caused thereafter, 
and this enables to make the width of scanning pulse narrow. In 
this case, the width of the scanning pulse is set to a value, so 
that the scanning pulse rises up after starting the discharge 
between the X electrode and the Y electrode, which is triggered 
by discharge between the address electrode and the Y electrode. 
Since the delay of discharge between the address electrode and 
the Y electrode is about 0.5 \is , and the transition period of 
discharge between the X electrode and the Y electrode is achieved, 
momentarily, the width of the scanning pulse can be set to a value 
from 0.5 \is to 1.0 \is . Assuming that the scanning pulse width is 
set to 0 . 75 \xs , for example, the address period in a one ( 1 ) sub-field 
comes to be 0 . 75 ms in the HDTV plasma display television apparatus 
having display lines more than 1,000, while the address period 
of theone (1) sub-field 900 \xs (= 150 \is + 0.75 |ms x 1,000) , including 
the reset period of 150 ^is . The sum of all the address periods 
when driving, the twelve (12) sub-fields is 10.8 ms (= 900 \is x 
12), and the display period can be taken for 5.9 ms (= 16.7 ms 
- 10.8 ms) . As a result of this, assuming that the period of the 
sustain pulse is 6.0 \is , the number of the sustain pulses of one 
( 1 ) sub-field is about 980 ( 5 . 9 ms -s- 6 . 0 \is ) , this means the sustain 
pulses can be applied with the number thereof as two times (x2) 
large as the conventional art, thereby improving the brightness 
greatly. 

According to the present invention, the following effects 
can be achieved: 

(1) Conducting same display on two (2) lines by applying 
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the scanning pulses of same phase while achieving the interlace 
display by shifting one (1) line between the first field and the 
second field enables the display of a large number of sub-fields, 
thereby obtaining high gradation display with fully taking measures 
against the pseudo-contour. 

( 2 ) Forming the display cells (lines ) with all spaces defined 
between the neighboring parallel display electrodes, dividing the 
display lines into plural numbers of phases , i.e., three ( 3 ) phases 
or more, and separating display periods within one (1) field for 
each the phase, obtains a plasma display apparatus of high picture 
quality, with high definition panel but having less pseudo-contour 
thereon. 

(3) Since the driving is performed, so that the address 
periods and the display periods overlap each other on both sides 
of the panel , therefore the coefficient of use or utilization factor 
of time is superior, and since a larger number of display sustain 
pulses can be applied, there can be obtain an effect of displaying 
with high brightness . Also, since the address electrodes are wired 
on both sides of the panel in common, address electrode driver 
circuits can be lowered in number thereof, thereby obtaining an 
apparatus of low cost. 

(4) Sustaining the address discharge, continuingly , by means 
of the voltage between the Y electrode and the X electrode after 
completion of the scanning pulse, makes the scanning pulse narrow, 
therefore it is possible to obtain the display with high brightness , 
with high gradation driving measured against the pseudo-contour, 
on the plasma display apparatus of high definition, such as the 
HDTV. 

INDUSTRIAL APPLICABILITY 

As was mentioned in the above, the display technology 
according to the present invention is useful for a plasma display 
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apparatus , a television apparatus or receiver set , a display device 
for a personal computer, a display device for a game machine, etc. , 
and is suitable, in particular, for the display apparatus of 
displaying the screen of large number of lines, like the high 
definition television apparatus (i.e., HDTV). 



